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57 ABSTRACT 
A strut type suspension, in which a strut has an upper 
strut portion swingably connected to a vehicle body 
and a lower strut portion swingably connected to a 
suspension arm, includes a wheel carrier and a control 
link. The wheel carrier has an upper portion located 
above a rotary axis of a wheel and swingably connected 
to the lower strut portion through a ball joint and a 
lower portion located below the rotary axis. The con 
trol link has one end swingably connected to the sus 
pension arm and the other end swingably connected to 
the lower portion of the wheel carrier. The connection 
point of the control link and the suspension arm is pro 
vided in a such a position as to be displaced outward in 
a lateral direction of the vehicle body as the suspension 
arm is swung in a bounding direction from a reference 
condition. 

9 Claims, 20 Drawing Sheets 

  



U.S. Patent Feb. 26, 1991 Sheet 1 of 20 4,995,633 

  



U.S. Patent Feb. 26, 1991 Sheet 2 of 20 4,995,633 

F G. 2 

54 

4 

UPSIDE 

RIGHT 

  



U.S. Patent Feb. 26, 1991 Sheet 3 of 20 4,995,633 

F G. 3 

UPSIDE 

FRONT 

RIGHT 

  



U.S. Patent Feb. 26, 1991 Sheet 4 of 20 4,995,633 

F. G. 4 

  



U.S. Patent Feb. 26, 1991 Sheet 5 of 20 4,995,633 

F G 5 

  









U.S. Patent Feb. 26, 1991 Sheet 9 of 20 4,995,633 

F G. 9 

  



U.S. Patent Feb. 26, 1991 Sheet 10 of 20 4,995,633 

F G.O 

  



U.S. Patent Feb. 26, 1991 Sheet 11 of 20 4,995,633 

F. G. 

  



U.S. Patent Feb. 26, 1991 Sheet 12 of 20 4,995,633 

  



Sheet 13 of 20 4,995,633 Feb. 26, 1991 U.S. Patent 

3. F G. 

  



U.S. Patent Feb. 26, 1991 Sheet 14 of 20 4,995,633 

F. G. 4 

  



U.S. Patent Feb. 26, 1991 Sheet 15 of 20 4,995,633 

F G. 5 

CAMBER ANGLE 

POSITIVE 

REBOUND --------- 66UND 
N WHEEL STROKE 

NEGATIVE 

    

  

  



U.S. Patent Feb. 26, 1991 Sheet 16 of 20 4,995,633 

F G. 6 

54 
O 

4. 

0. / \ 
) k \ 62 

-- O 

-b 94 
66 

42 |--|- 

49 

44 RN'-IO2, O6 y -- 



U.S. Patent Feb. 26, 1991 Sheet 17 of 20 4,995,633 

F G. 7 

  



U.S. Patent Feb. 26, 1991 Sheet 18 of 20 4,995,633 

F G. 8 

  



U.S. Patent Feb. 26, 1991 Sheet 19 of 20 4,995,633 

F G. 19 
  



U.S. Patent Feb. 26, 1991 

F G. 2 
PRIOR ART 

F G.22 
PRIOR ART 

23 

2 

2O 

22 3. 

Sheet 20 of 20 4,995,633 

  



4,995,633 
1. 

STRUT TYPE SUSPENSION 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a strut type suspension of a 

vehicle and, more particularly, to a suspension used for 
a front wheel suspension and connected with a steering 
gear. 

2. Description of the Prior Art 
A strut type suspension is so structured that a strut 

has an upper strut portion and a lower strut portion 
capable of sliding relative to the upper strut portion, the 
upper strut portion is swingably connected to a vehicle 
body and the lower strut portion is swingably con 
nected to a suspension arm extending in a lateral direc 
tion of the vehicle body. 

Since the above suspension has features that the num 
ber of points mounted on the vehicle body is small and 
a lateral member is limited only to the suspension arm, 
it has the advantages that an input to the vehicle body is 
small, an accuracy in working hardly affects suspension 
geometry, and a lateral special restrictions are few. On 
the contrary, the suspension involves a problem that a 
change in camber of a tire is small in bounding, so that 
a camber to the ground of a turning outer wheel is 
enlarged at the positive side. 
There are various proposals in order to enlarge the 

change in chamber of the tire in bounding. For instance, 
there are a proposal disclosed in Japanese Patent Public 
Disclosure (KOKAI) No. 56-82613 as shown in FIG. 21 
and that disclosed in Japanese Patent Public Disclosure 
(KOKAI No. 63-28707 as shown in FIG. 22. 

In a suspension as shown in FIG. 21, an upper strut 
portion 21 of a strut 20 is swingably connected to a 
vehicle body 23, and a lower strut portion 22 capable of 
sliding relative to the upper strut portion 21 is swing 
ably connected to a suspension arm 24 extending in a 
lateral direction of the vehicle body. A portion of a 
wheel carrier 25 located above a rotary axis of a wheel 
is swingably connected to an assist link 27 through a ball 
joint 26. This assist link 27 is swingably connected to the 
lower strut portion 22, and a portion of the wheel car 
rier 25 located below the rotary axis is swingably con 
nected to the suspension arm 24 through a ball joint 28. 

In a suspension as shown in FIG. 22, the upper strut 
portion 21 of the strut 20 is swingably connected to the 
vehicle body 23, and the lower strut portion 22 is swing 
ably connected to an upwardly extending portion of an 
L-shaped suspension arm 30 extending in the lateral 
direction of the vehicle body and upwardly. A portion 
of a wheel carrier 31, the wheel carrier 31 being formed 
into a substantially reversed C-shape as viewed from the 
back, located above a rotary axis is swingably con 
nected to the lower strut portion 22, and a portion of the 
wheel carrier 31 located below the rotary axis is swing 
ably connected to the corner of the suspension arm. 30. 
Now, in order to cope with the development of high 

performance of a front wheel drive car, which is a so 
called FF car, for example, the development of high 
performance through mounting a high output engine, it 
is necessary for each front wheel to restrain as much as 
possible from tending to rotate around a steering axis, 
that is, a kingpin axis at a time of rapid acceleration or 
deceleration to thereby ensure controllability. 
The front wheel tends to rotate rearward around the 

kingpin axis by means of a braking force acting on the 
center of a grounding contact surface of the tire, and 
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2 
also tends to rotate forward around the kingpin axis by 
means of a driving force acting on a point intersecting 
the rotary axis of the tire and an imaginary vertical 
plane passing through the center of the grounding 
contact surface of the tire each other. The degree of 
rotation produced by the braking force varies according 
to the amount of a kingpin offset which is defined by a 
distance between the intersection of the kingpin axis and 
the ground surface and the center of the grounding 
contact surface of the tire. Also, the degree of rotation 
produced by the driving force varies according to the 
amount of a distance between the intersection of the 
imaginary vertical plane passing through the center of 
the grounding contact surface of the tire and the rotary 
axis of the tire and the kingpin axis, the distance being a 
so-called IK distance. In order to restrain the front 
wheel from tending to rotate around the kingpin axis as 
far as possible, the kingpin offset and the IK distance 
should be brought to zero or as close as possible to zero. 
The kingpin axis in the case of FIG. 21 is provided as 

a line connecting the center of the ball joint 26 with the 
center of the ball joint 28. As is apparent from the draw 
ing, the ball joints 26, 28 may be disposed so as to locate 
outward in the lateral direction of the vehicle body in 
order to bring the kingpin offset Ll to zero and also 
bring the IK distance L2 as close as possible to zero. 
On the other hand, the link 27 should be shortened in 

order to enlarge the change in a camber angle having a 
negative tendency. In order to shorten the link 27 and 
bring the kingpin offset and the IK distance to zero or as 
close as possible to zero, the lower ball joint 28 should 
be naturally disposed outward in the lateral direction of 
the vehicle body. 
However, in condition that the ball joint 28 is located 

outward in the lateral direction of the vehicle body, 
when the swing angle of the ball joint 28 relative to the 
wheel carrier 25 is large during the swing of the suspen 
sion arm 24, interference of the ball joint 28 with the 
wheel or a brake device provided on the wheel carrier 
occurs, so that such interference should be avoided. As 
a result, it is limited to dispose the ball joint 28 outward 
of the vehicle body. 
The suspension shown in FIG.22 involves the similar 

problems. 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
strut type suspension capable of enlarging a change in 
camber, wherein a Swing angle of a ball joint provided 
in a wheel carrier and disposed below a rotary axis of a 
wheel may be reduced, a kingpin offset may be substan 
tially brought to zero and an IK distance may be less 
ened as small as possible. 
Another object of the present invention is to provide 

a strut type suspension capable of enlarging a change in 
camber while capable of enlarging a caster angle in 
bounding. 
According to the present invention, there is provided 

a strut type suspension, in which a strut has an upper 
strut portion and a lower strut portion capable of sliding 
relative to the upper strut portion, the upper strut por 
tion is swingably connected to a vehicle body, and the 
lower strut portion is swingably connected to a suspen 
sion arm extending in a lateral direction of the vehicle 
body, comprising a wheel carrier having an upper por 
tion located above a rotary axis of a wheel and a lower 
portion located below the rotary axis, the upper portion 



4,995,633 
3 

being swingably connected to the lower strut portion 
through a ball joint, and a control link having one end 
swingably connected to the suspension arm and the 
other end swingably connected to the lower portion of 
the wheel carrier, wherein a connection point of the 
control link and the suspension arm is provided in such 
a position as to be displaced outward in the lateral direc 
tion of the vehicle body as the suspension arm is swung 
from a reference condition in a bounding direction. 
According to one aspect of the present invention, the 

lower strut portion is connected to the suspension arm 
to be swingable around an axis extending in a longitudi 
nal direction of the vehicle body. According to another 
aspect, the lower strut portion is connected to the sus 
pension arm to be swingable around an axis extending in 
the longitudinal direction of the vehicle body and an 
axis extending in the lateral direction of the vehicle 
body. According to a further aspect, the lower strut 
portion is swingably connected to the suspension arm 
through a ball joint. In this case, a second control link is 
connected on one hand to the lower strut portion and 
on the other hand to the suspension arm or to the vehi 
cle body through respective ball joints. 
Two preferable embodiments are provided by the 

present invention. In one embodiment, the control link 
has one end, that is, an inner end making a turning pair 
with the suspension arm, and the other end, that is, an 
outer end making a spherical turning pair with the 
wheel carrier. In this embodiment, the kingpin axis is 
provided as a line connecting the center of the ball joint 
disposed at the upper portion of the wheel carrier with 
the center of the ball joint disposed at the lower portion 
of the wheel carrier. 

In another embodiment, the control link consists of 
two rods. Each rod has an inner end making a spherical 
turning pair with the suspension arm and an outer end 
making a spherical turning pair with the wheel carrier. 
In this embodiment, the kingpin axis is provided as a line 
connecting the center of the ball joint disposed at the 
upper portion of the wheel carrier with the intersection 
of extensions of two axes of the rods, the kingpin axis 
being a so-called imaginary kingpin axis. 
When the tire bounds to swing the suspension arm, 

the strut swings and at the same time the control link 
pushes the lower portion of the wheel carrier outward 
in the lateral direction of the vehicle body. While the 
outward pushing of the control link makes the wheel 
carrier swing about the upper ball joint, the swing of the 
strut is added to the wheel carrier, so that the tire is 
subjected to change in camber toward the negative side 
in bounding. 
When the tire bounds to swing the suspension arm, in 

the suspension as shown in FIG. 21, for example, the 
lower ball joint swings by an angle approximately equal 
with the swing angle of the suspension arm. However, 
according to the present invention, since the control 
link is pushed outward in the lateral direction with the 
swing of the suspension arm, the ball joint located at the 
connection of the control link and the wheel carrier is 
displaced substantially in the lateral direction to lessen 
the swing angle of the ball joint. 

Since the tire in bounding is subjected to large nega 
tive change in camber, the tire may be uniformly 
brought into contact with the road surface. 

Since the swing angle of the ball joint located at the 
lower portion of the wheel carrier is lessened, the ball 
joint may be disposed in the lateral direction of the 
vehicle body as outward as possible without any inter 
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4. 
ference with a wheel brake device. As a result, the 
kingpin offset may be brought to zero and the IK dis 
tance may be shortened as small as possible. Accord 
ingly, when the front wheel receives the braking force 
or driving force, it is possible to restrain the front wheel 
from tending to rotate around the kingpin axis, so that 
high performance may be achieved while improving 
controllability. 

Since the kingpin axis may be set independently, the 
degree of freedom in design of suspension geometry 
may be increased. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and features of the 
invention will become apparent from the following 
description of preferred embodiments of the invention 
with reference to the accompanying drawings, in 
which: 

FIG. 1 is a rear view, partly broken-away, showing a 
strut type suspension according to the present inven 
tion; 
FIG. 2 is a schematic view showing the basic configu 

ration of the suspension shown in FIG. 1; 
FIG. 3 is a schematic view showing another embodi 

ment of the strut type suspension; 
FIG. 4 is a schematic view showing a further embodi 

ment of the strut type suspension; 
FIGS. 5 through 8 are schematic views showing 

arrangements of a second control link of the suspension 
shown in FIG. 4, respectively; 

FIGS. 9 through 12 are schematic views showing still 
further embodiments of the strut type suspension, re 
spectively; 
FIGS. 13 and 14 are schematic rear views showing a 

change in a camber angle according to the suspension 
shown in FIGS. 1 through 3, respectively; 

FIG. 15 is a characteristic graph showing the change 
in camber; 

FIGS. 16 through 18 are schematic rear views show 
ing the change in a camber angle and a kingpin axis 
according to the suspensions shown in FIGS. 9 and 10, 
respectively; 
FIGS. 19 and 20 are schematic views showing the 

effect of the strut type suspension according to the 
present invention, respectively; and 
FIGS. 21 and 22 are schematic views showing a prior 

art strut type suspension, respectively. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A strut type suspension according to the present 
invention is basically structured as shown in FIG. 2. In 
this suspension, a strut 40 is a shock absorber of a struc 
ture well known per se, and has an upper strut portion 
41 and a lower strut portion 42 capable of sliding rela 
tive to the upper strut portion. A coil spring 38 (See 
FIG. 1) is disposed between the upper and lower strut 
portions 41, 42. A suspension arm 44, lower and upper 
strut portions 42, 41 and a vehicle body 46 constitute a 
first quadric link mechanism. 
The lower strut portion 42 is connected to the suspen 

sion arm 44 through universal joint means 48. The uni 
versal joint means 48 is rotatable around a shaft 49 ex 
tending in a longitudinal direction of the vehicle body 
and a shaft 50 extending in a lateral direction of the 
vehicle body. The shaft 49 does not necessarily extend 
in parallel with a shaft 52, on which the suspension arm 
44 and the vehicle body 46 make a turning pair with 
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each other. Further, an axis of a cylinder 43, on which 
the upper strut portion 41 and the lower strut portion 42 
make a sliding pair with each other, passes through a 
support 54, on which the upper strut portion 41 and the 
vehicle body 46 make a spherical turning pair with each 5 
other. The axis of the cylinder 43 is not required to be 
within a plane perpendicular to the axis of the shaft 49 
and that of the shaft 52. 
The suspension arm 44, a control link 56, a wheel 

carrier 58 and the lower strut portion 42 constitute a 10 
second quadric link mechanism. In this quadric link 
mechanism, the suspension arm 44 and the control link 
56 make a turning pair with each other about a shaft 60. 
This shaft 60 will do so long as it substantially extends 
in parallel with the shaft 49. 15 
The wheel carrier 58 has a portion 59a located above 

a rotary shaft 64 of a tire 62 and a portion 59b located 
below the rotary shaft 64. A kingpin axis is provided as 
a line connecting the center of a ball joint 66, on which 
the upper portion 59a of the wheel carrier and the lower 20 
strut portion 42 make a spherical turning pair, with the 
center of a ball joint 68, on which the lower portion 59b 
of the wheel carrier and the control link 56 make a 
spherical turning pair. 

FIG. 1 shows a working condition of the suspension 25 
shown in FIG.2. The description of the structure of this 
suspension substantially identical with that in FIG. 2 
will be omitted. 
An inner portion of the suspension arm 44 is bifur 

cated and rubber bushings 44d are disposed on respec- 30 
tive bifurcated portions 44a, 44b of the suspension arm 
44. The suspension arm 44 is swingably connected to 
the vehicle body by the shaft 52 extending through 
these bushings. The turning pair of the suspension arm 
44 and the vehicle body may be ensured by forming the 35 
suspension arm 44 by the use of a substantially straight 
rod, and connecting a strut bar (not shown) for restrict 
ing the longitudinal movement of the vehicle body with 
the wheel carrier 58. 
The lower strut portion 42 is bifurcated and an arm 40 

66a is extended from a portion above the bifurcated 
portions, the arm 66a supporting the ball joint 66. A 
rubber bushing (not shown) is disposed on each end of 
bifurcated portions 42a (in the drawing, only the rear 
end is shown) of the lower strut portion 42. The lower 45 
strut portion 42 is swingably connected to the shaft 49 
extending through these bushings. On the other hand, 
the shaft 50 is united with the shaft 49 in a T-shape. This 
shaft 50 is rotatably supported by a bearing 44c pro 
vided on the suspension arm 44. Thus, the turning pairs 50 
of the lower strut portion 42 and the suspension arm 44 
are ensured about the shafts 49, 50. In this case, the axis 
of the shaft 49 and that of the shaft 50 are not required 
to be within an identical plane. 
The shaft 60 is supported in a portion of the suspen- 55 

sion arm 44 located more laterally inward of the vehicle 
body than the shaft 49. An inner portion of the control 
link 56 is bifurcated. A rubber bushing (not shown) is 
disposed on each end of bifurcated portion 56a (in the 
drawing, only the rear end is shown), and the control 60 
link 56 is swingably connected to the suspension arm 44 
by the shaft 60 extending through these bushings. Thus, 
the turning pair of the suspension arm 44 and the con 
trol link 56 is ensured about the axis 60. 
The connection point of the suspension arm 44 and 65 

the control link 56 is provided in such a position as to be 
displaced outward in the lateral direction of the vehicle 
body as the suspension arm 44 is swung in a bounding 

6 
direction from such a reference condition that the sus 
pension arm 44 is neither bounded nor rebounded in a 
standard load. In the embodiment shown, the constitu 
tion as noted above is ensured by setting the level of the 
axis of the shaft 52 disposed in the connection of the 
suspension arm 44 and the vehicle body so as to be 
located above the level of the axis of the shaft 60. In this 
case, the axis of the shaft 60 is defined as the connection 
point. 
The wheel carrier 58 is a steering knuckle, and a 

knuckle arm 70 is provided on the upper portion 59a of 
the wheel carrier. The knuckle arm 70 is connected to a 
tie rod 74 through a ball joint 72. The tie rod 74 is con 
nected to a member like a rack bar of a steering gear 75 
through a ball joint. 
According to the aforementioned embodiment, since 

the lower strut portion 42 is connected to the suspension 
arm 44 through the universal joint means 48 rotatable 
around the shaft 49 extending in the longitudinal direc 
tion of the vehicle body and around the shaft 50 extend 
ing in the lateral direction of the vehicle body, the re 
spective connections may be restrained from the gener 
ation of internal force, thereby ensuring the smooth 
movement, even if inaccuracies in working the strut 40 
and the suspension arm 44 or the deformation of these 
parts due to external force occur. 
However, as shown in FIG. 3, the present invention 

may be worked so long as the lower strut portion 42 is 
connected to the suspension arm 44 to be swingable 
around the shaft 49 extending in the longitudinal direc 
tion of the vehicle body. 

Referring to FIG. 3, rubber bushings (not shown) are 
disposed on respective bifurcated portions 44a, 44b of 
the suspension arm 44, and the suspension arm 44 is 
swingably connected to the vehicle body 46 by the shaft 
52 extending through these bushings. 
The lower strut portion 42 is bifurcated and rubber 

bushings (not shown) are disposed on respective bifur 
cated portions 42a, 42b of the lower strut portion 42. 
The lower strut portion 42 is swingably connected to 
the suspension arm 44 by the shaft 49 extending through 
these bushings. 
A downwardly projecting bracket 45 is provided in a 

portion of the suspension arm 44 located more laterally 
inward of the vehicle body than the shaft 49. The shaft 
60 is supported by the bracket 45. On the other hand, 
the control link 56 is bifurcated, and rubber bushings are 
disposed on respective bifurcated portions 56a, 56b of 
the control link 56. The control link 56 is swingably 
connected to the bracket 45, thus the suspension arm 44 
by the shaft 60 extending through these bushings. 
The connection point of the suspension arm 44 and 

the control link 56 is displaced outward in the lateral 
direction of the vehicle body as the suspension arm 44 is 
swung in the bounding direction from the reference 
condition. In the embodiment shown, the constitution 
as noted above is ensured by projecting the bracket 45 
downward from the suspension arm 44 and then con 
necting the bracket 45 to the control link 56 through the 
shaft 60. 
The knuckle arm 70 is provided on the upper portion 

59a of the wheel carrier 58. The knuckle arm 70 is con 
nected to the tie rod 74 through the ball joint 72, and the 
tie rod 74 is connected to a member like a rack bar of the 
steering gear (not shown) through a ball joint 76. 
The suspensions shown in FIGS. 1 through 3 may 

enlarge a change in camber, and the kingpin offset may 
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be brought substantially to zero and the IK distance 
may be lessened as small as possible. 
However, when examining the above suspensions 

under a travelling condition, these suspensions involve 
the following problems. Namely, when the outer wheel 
is subjected to steering change in a toe-in direction in 
turning and the bounding condition is brought about, 
the camber angle should be settled as a negative value 
and it is necessary to make the camber angle largely 
change with the bounding in order to properly maintain 
the camber angle to the ground during the rolling of the 
vehicle body. However, when the bounding condition 
is brought about without any steering change in straight 
travelling, the change in camber should be lessened as 
small as possible in order to restrain the straight travel 
ling property from degradation due to camber thrusts. 
The suspensions as noted above have so large camber 

changes that the latter requirement is difficult to be 
satisfied. Then, it is considered that a caster angle is set 
to be a larger value to improve the straight travelling 
property and the degradation of straight travelling 
property accompanied by the large camber change is 
compensated for by the above improvement. However, 
when the caster angle is set to be a larger value, the 
straight stability in driving is damaged particularly in 
the case of FF car, so that it becomes difficult to set the 
caster angle. 
The suspension as shown in FIG. 4 may enlarge the 

change in camber in bounding, and at the same time 
may enlarge the caster angle. In this embodiment, the 
same elements as those in the previously described em 
bodiments are designated by the same reference numer 
als and the description thereof will be omitted. 
The lower strut portion 42 and the suspension arm 44 

make a spherical turning pair through a ball joint 80. 
A second control link 82 and the lower strut portion 

42 make a spherical turning pair through a ball joint 84, 
and the control link 82 and the suspension arm 44 make 
a spherical turning pair through a ball joint 86. Namely, 
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a bracket 88 is provided on an intermediate portion of 40 
the suspension arm 44, and the ball joint 86 is supported 
by the bracket 88. On the other hand, a bracket 90 is 
provided on the lower strut portion 42, and the ball 
joint 84 is supported by the bracket 90. 
The ball joint 86 and the control link 82 are disposed 

such that the ball joint 66 is moved to the rearward of 
the vehicle body to increase the caster angle when the 
tire 62 makes a bound stroke. Some examples of the 
arrangements of the ball joint 86 and the control link 82 
are shown as follows. 

In an embodiment shown in FIG. 5, the ball joint 86 
is disposed so as to be located above a straight line a 
which is perpendicular to a straight line connecting the 
center of the ball joint 80 with the center of the support 
54 and which passes through the center of the ball joint 
80. Further, the control link 82 is disposed to be located 
rearward of the vehicle (on this side in FIG. 5) relative 
to a plane including a perpendicular line drawn from 
the center of the ball joint 80 to the shaft 52 and the 
center of the support 54. 

In an embodiment shown in FIG. 6, the ball joint 86 
is located below the straight linea. Further, the control 
link 82 is disposed forward of the vehicle relative to the 
plane including the perpendicular line drawn from the 

45 

50 

55 

center of ball joint 80 to the shaft 52 and the center of 65 
the support 54. 

In an embodiment shown in FIG. 7, the ball joint 86 
is disposed above a straight line c which connects the 

8 
instantaneous center b of the lower strut portion 42 and 
the vehicle body with the center of the ball joint 84, and 
the ball joint 86 is located laterally inward of the vehicle 
body relative to a straight lined which passes through 
the center of the ball joint 84 and which is perpendicu 
lar to the straight line c. On the other hand, the control 
link 82 is located forward of the vehicle relative to the 
plane including the perpendicular line drawn from the 
center of the ball joint 80 to the shaft 52 and the center 
of the support 54. 

In an embodiment shown in FIG. 8, the ball joint 86 
is located below the straight line c and more inward 
than the straight line d. The control link 82 is located 
rearward of the vehicle relative to the plane including 
the perpendicular line drawn from the center of the ball 
joint 80 to the shaft 52 and the center of the support 54. 

Referring to FIG.9 which illustrates another embodi 
ment of the strut type suspension, the configuration 
different from that of the previously described suspen 
sions will be explained. In the suspension shown in FIG. 
9, the lower strut portion 42 is connected to the suspen 
sion arm 44 to be swingable around the axis 49 extend 
ing in the longitudinal direction of the vehicle body and 
the axis 50 extending in the lateral direction of the vehi 
cle body. 
A control link 96 consists of a first rod 97 and a sec 

ond rod 98. Both rods 97,98 are disposed on a substan 
tially identical level as viewed from the back to be 
equivalent to a single control link. The suspension arm 
44, the control link 96, the wheel carrier 58 and the 
lower strut portion 42 constitute a second quadric link 
mechanism. 
The suspension arm 44, the first rod 97, the wheel 

carrier 58 and the second rod 98 constitute a third quad 
ric link mechanism. In the quadric link mechanism, the 
interconnection of a straight line connecting the center 
of a ball joint 100, on which the first rod 97 and the 
suspension arm 44 make a spherical turning pair, with 
the center of a ball joint 102, on which the first rod 97 
and the lower portion 59b of the wheel carrier 58 make 
a spherical turning pair, and a straight line connecting 
the center of a ball joint 104, on which the second rod 
98 and the suspension arm 44 make a spherical turning 
pair, with the center of a ball joint 106, on which the 
second rod 98 and the lower portion 59b of the wheel 
carrier 58 make a spherical turning pair, becomes an 
imaginary rotary center P. The imaginary rotary center 
P as viewed from the back is determined so as to be 
located more laterally outward of the vehicle body than 
the ball joints 102, 106. 
The kingpin axis is provided as a line connecting the 

center of the ball joint 66, on which the lower strut 
portion 42 and the upper portion 59a of the wheel car 
rier make a spherical turning pair, with the imaginary 
rotary center P. 
The configuration for working the suspension shown 

in FIG. 9 is as follows. 
Instead of the bracket, two arm portions 45a, 45b 

longitudinally spaced apart from each other are pro 
jected downward from the suspension arm 44. The arm 
portion 45a is connected to the first rod 97 through the 
ball joint 100, and the arm portion 45b is connected to 
the second rod 98 through the ball joint 104. 
The lower portion 59b of the wheel carrier 58 is 

bifurcated. An end of one bifurcated portion of the 
lower portion 59a is connected to the first rod 97 
through the ball joint 102, and an end of the other bifur 
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cated portion is connected to the second rod 98 through 
the ball joint 106. 
The connection point of the suspension arm 44 and 

the control link 96 is provided in such a position as to be 
displaced outward in the lateral direction of the vehicle 
body as the suspension arm 44 is swung in the bounding 
direction from the reference condition. In the embodi 
ment shown, the above constitution is ensured by pro 
jecting two arm portions 45a, 45b downward from the 
suspension arm 44 and then connecting two rods 97, 98 
of the control link 97 to these arm portions through the 
ball joints 100, 104, respectively. In this case, a line 
connecting the center of the ball joint 100 with the 
center of the ball joint 104 is the connection point. 
The configuration of the suspension shown in FIG. 

10 is the same as that of the suspension shown in FIG. 
9 except that the lower strut portion 42 is connected to 
the suspension arm 44 to be swingable around the axis 
49 extending in the longitudinal direction of the vehicle 
body. 

Further, the suspension shown in FIG. 11 uses the 
control link 96 instead of the control link 56 of the 
suspension shown in FIG. 4. 
The suspension shown in FIG. 12 is a modification of 

the suspension shown in FIG. 4, and the inner end of the 
second control link 82 is swingably connected to the 
vehicle body 46 through the ball joint 86. The suspen 
sion shown in FIG. 11 may be also similarly constituted 
as the suspension shown in FIG. 12. 
Next will be explained the operation of the embodi 

ments shown in FIGS. 1 through 3 with reference to 
FIG. 13 as viewed from the back and FIG. 14 showing 
the movement of each of constituting parts on the basis 
of the lower strut portion. 

Referring to FIGS. 13 and 14, solid lines represent 
the reference condition and broken lines represent the 
bounding condition. When the upper strut portion 41 
rotates by 61 about the ball joint 54 clockwise from the 
reference condition with the bound, the suspension arm 
44 rotates by 62 about the shaft 49 counterclockwise 
from the reference condition relative to the lower strut 
portion 42. Further, since the shaft 60 rotates by 62 
about the shaft 49 counterclockwise relative to the 
lower strut portion 42 to move the ball joint 68 right 
ward through the control link 56, the wheel carrier 58 
rotates by 63 about the ball joint 66 clockwise from the 
reference condition relative to the lower strut portion 
42. Further, the tire 62 rotates by 64 clockwise from the 
reference condition. 
Assuming that each angle directed to the direction as 

noted above is set to be a positive value, the relationship 
represented by 84= 61 --83 is established, where 64 rep 
resents the change in camber obtained by the present 
invention. The conventional strut type suspension pro 
vides only the change in camber of 61, whereas the 
present invention provides the change in camber ob 
tained by adding a correction angle of 63 to 61. The 
correction angle 03 in this case is largely affected by the 
positional relationship between the shafts 49 and 60, in 
other words, a distance R between the shafts 49 and 60, 
and an angle 85 made by the straight line connecting the 
center of the shaft 49 with the center of the shaft 60 and 
the perpendicular line. 
The respective angular changes accompanied by the 

bound and rebound are shown in FIG. 15. It is under 
stood from FIG. 15 that the camber angle 64 according 
to the present invention is changed approximately lin 
early from a positive value in rebounding to a negative 
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value in bounding. A broken line 61 represents the 
change in camber angle of the conventional strut type 
suspension. 

Next, referring to the kingpin axis, the swing angle of 
the ball joint 68 accompanied by the bound comes to be 
equal with the swing angle of the suspension arm 44 in 
the conventional strut type suspension, whereas the 
swing angle of the ball joint 68 according to the present 
invention is lessened as shown in FIG. 14. Thus, it is 
possible to dispose the ball joint 68 in the lateral direc 
tion of the vehicle body as outward as possible, so that 
the kingpin inclination may be lessened within a re 
quired limit under the condition that the kingpin offset 
is brought to zero. This means that the IK distance L2 
may be lessened. 
The operation of the embodiment shown in FIG. 4, in 

which the second control link 82 is connected to the 
suspension arm 44 will be explained with reference to 
FIG. 5 as viewed from the back. In FIG. 5, solid lines 
represent the reference condition, and broken lines rep 
resent the bounding condition. The change in camber 
angle is identical with that of the previously described 
embodiment. 
When the suspension arm 44 is moved from the refer 

ence condition to the bounding condition, the ball joint 
86 rotates about the ball joint 80 counterclockwise. At 
the same time, since the ball joint 84 is connected to the 
ball joint 86 through the control link 82 and a distance 
between both ball joints 84 and 86 is restricted, the 
lower strut portion 42 rotates about the straight line 
connecting the center of the ball joint 80 with the center 
of the support 54. The ball joint 66 is displaced to the 
rearward of the vehicle (to this side in the drawing) by 
the rotation of the lower strut portion 42. In conse 
quence, as viewed from the side, an angle made by the 
straight line connecting the center of the ball joint 66 
with the center of the ball joint 80 and the perpendicu 
lar line, that is, a caster angle is increased. 
The operation of the embodiment, in which the sec 

ond control link 82 is connected to the vehicle body, 
will be explained with reference to FIG. 7 as viewed 
from the back. 
The ball joint 84, when the bound stroke occurs, 

moves relative to the vehicle body about the ball joint 
86 due to the presence of the control link 82. This move 
ment of the ball joint 84 is represented by vector q. 
Supposing that the ball joint 84 is not restricted by the 
control link 82 and thus the lower strut portion 42 does 
not rotate about the straight line connecting the ball 

50 joint 80 with the support 54, the ball joint 84 moves 
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about the instantaneous center b relative to the vehicle 
body. This movement of the ball joint 84 is represented 
by vector r. The difference between the vector q and 
the vector r is absorbed by the rotation of the lower 
strut portion 42 about the straight line connecting the 
ball joint 80 with the support 54. The ball joint 66 is 
displaced to the rearward of the vehicle body by the 
rotation of the lower strut portion 42. 
The embodiment shown in FIG. 9 is operated as 

shown in FIG. 16 as viewed from the back and FIG. 17 
showing the movement of each of constituting parts on 
the basis of the lower strut portion. Since the solid lines 
and the broken lines represent the reference condition 
and the bounding condition respectively and the respec 
tive angles measured from the reference condition are 
similar to those of the previously described embodi 
ments, the detailed description thereof will be omitted. 
In FIGS. 16 and 17, the ball joints 100, 104 are shown 
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instead of the shaft 60, the rods 97,98 are shown instead 
of the control link 56, and the ball joints 102, 106 are 
shown instead of the shaft 68. 

Referring to FIG. 18, in which the kingpin axis of the 
strut type suspension according to the present invention 
is compared with that of the conventional strut type 
suspension, the kingpin axis K1 of the present invention 
is provided as the line connecting the center of the 
upper ball joint 66 of the wheel carrier with the imagi 
nary rotary center P, whereas the kingpin axis K2 of the 
conventional strut type suspension is provided as the 
line connecting the center of the ball joint 54 disposed 
on the connection of the upper strut portion 41 and the 
vehicle body with the center of the ball joint 110 dis 
posed on the connection of the suspension arm 44 and 
the lower portion of the wheel carrier 58. As is apparent 
from FIG. 18, the kingpin offset of the present invention 
is brought to zero, whereas the kingpin offset of the 
conventional strut type suspension corresponds to Li. 
The IK distance of the present invention corresponds to 
L3, whereas the conventional distance corresponds to 
L2 larger than L3. 

Next, the operation and effect of the present inven 
tion will be confirmed from different points of view. 

Referring to FIG. 19, the instantaneous center of the 
wheel carrier 58 relative to the vehicle body in the 
present invention comes to a point T, whereas the in 
stantaneous center of the wheel carrier in the conven 
tional strut type suspension comes to a point S. The 
instantaneous center of the present invention comes 
close to the wheel carrier 58. Accordingly, the change 
in camber angle of the wheel carrier as viewed from the 
vehicle body is increased in the case of the present 
invention rather than that in the conventional strut type 
suspension. 

Referring to FIG. 20, the straight line connecting the 
shaft 49 with the ball joint 66 is defined as e, the straight 
line connecting the shaft 49 with the shaft 60 is defined 
as f, the control link 56 is defined as g, and the wheel 
carrier 58 is defined as h. The instantaneous center of 
the memberg relative to the member e coincides with 
an intersection 112 of the extension of the member fand 
the member h. 
When the swing angle A66 of the memberg is repre 

sented by the use of A62, A66 comes to as follows: 

(49-60) A86 = i, iii, A62 

where lCi-j) represents the distance between i and j. 
On the other hand, the relationship is found between 

A66 and - A63 as follows: 

I(68-112) A86 

and the following relationship is also obtained: 

When A07 is represented by the use of A62, A67 comes 
to as follows: 

A87 = - (49-60) X I(68-112) -- I(49-60) A62 
(66-68) (60-112) l(60-112) 

Where since the member f and the member h are dis 
posed to be substantially perpendicular, 1060-112) is 

10 

15 

12 
substantially equal with 1(68-112), even if the memberg 
is inclined. Consequently, the following relationship is 
obtained: 

l(68-112) is 
Constructionally, l049-60) is shorter than 1060-112) 

and loG6-68), the following relationships are obtained: 

1991-- 1 (60-11) < 

4- (< 1 I(60-68) 

A87 
Aa, ( 1 

As a result, it is found that the swing angle of the ball 
20 joint 68 of the present invention in smaller than that of 
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the conventional strut type suspension. 
What is claimed is: 
1. A strut type suspension, in which a strut has an 

upper strut portion and a lower strut portion capable of 
sliding relative to the upper strut portion, said upper 
strut portion is swingably connected to a vehicle body, 
and said lower strut portion is swingably connected to a 
suspension arm extending in a lateral direction of the 
vehicle body, comprising: 
a wheel carrier having an upper portion located 
above a rotary axis of a wheel and a lower portion 
located below said rotary axis, said upper portion 
being swingably connected to said lower strut por 
tion through a ball joint; and 

a control link having one end connected to said sus 
pension arm, said end adapted to be swingable 
around an axis extending in a longitudinal direction 
of the vehicle body and the other end swingably 
connected to said lower portion of said wheel car 
rier, 

wherein the connection point of said control link and 
said suspension arm is provided in such a position 
as to be displaced outward in the lateral direction 
of the vehicle body relative to the connection point 
of said lower strut portion and said suspension arm 
as said suspension arm is swung in a bounding di 
rection from a reference condition. 

2. A strut type suspension as claimed in claim 1, fur 
ther comprising a ball joint disposed in a connection of 
said lower portion of the wheel carrier and said control 
link, and wherein a kingpin axis is provided as a line 
connecting the center of the ball joint disposed at the 
upper portion of the wheel carrier with the center of the 
ball joint disposed at the lower portion of the wheel 
carrier. 

3. A strut type suspension, in which a strut has an 
upper strut portion and a lower strut portion capable of 
sliding relative to the upper strut portion, said upper 
strut portion is swingably connected to a vehicle body, 
and said lower strut portion is swingably connected to a 
suspension arm extending in a lateral direction of the 
vehicle body, comprising: 

a wheel carrier having an upper portion located 
above a rotary axis of a wheel and a lower portion 
located below said rotary axis, said upper portion 
being swingably connected to said lower strut por 
tion through a ball joint; and 
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a control link having one end connected to said sus 
pension arm, said end adapted to be swingable 
around an axis extending in a longitudinal direction 
of the vehicle body and the other end swingably 
connected to said lower portion of said wheel car 
rier, 

wherein a ball joint is disposed in a connection of said 
lower portion of the wheel carrier and said control 
link, 

wherein a kingpin axis is provided as a line connect 
ing the center of the ball joint disposed at the upper 
portion of the wheel carrier with the center of the 
ball joint disposed at the lower portion of the 
wheel carrier, 

wherein the connection point of said control link and 
said suspension arm is provided in such a position 
as to be displaced outward in the lateral direction 
of the vehicle body relative to the connection point 
of said lower strut portion and said suspension arm 
as said suspension arm is swung in a bounding di 
rection from a reference condition, and 

wherein said lower strut portion of the strut is con 
nected to said suspension arm to be swingable 
around an axis extending in a longitudinal direction 
of the vehicle body and around an axis extending in 
the lateral direction of the vehicle body. 

4. A strut type suspension as claimed in claim 2, 
wherein said lower strut portion of the strut is con 
nected to said suspension arm to be swingable around an 
axis extending in a longitudinal direction of the vehicle 
body. 

5. A strut type suspension as claimed in claim 2, fur 
ther comprising a second control link which has one 
end swingably connected to said lower strut portion 
through a ball joint and the other end swingably con 
nected to one of the suspension arm and the vehicle 
body through a ball joint, and wherein said lower strut 
portion of the strut is connected to said suspension arm 
through a ball joint 

6. A strut type suspension, 
in which a strut has an upper strut portion and a 
lower strut portion capable of sliding relative to the 
upper strut portion, said upper strut portion is 
swingably connected to a vehicle body, and said 
lower strut portion is swingably connected to a 
suspension arm extending in a lateral direction of 
the vehicle body, comprising: 
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a wheel carrier having an upper portion located 
above a rotary axis of a wheel and a lower portion 
located below said rotary axis, said upper portion 
being swingably connected to said lower strut por 
tion through a ball joint; and 

a control link having one end connected to said sus 
pension arm, said end adapted to be swingable 
around an axis extending in a longitudinal direction 
of the vehicle body and the other end swingably 
connected to said lower portion of said wheel car 
rier, 

wherein the connection point of said control link and 
said suspension arm is provided in such a position 
as to be displaced outward in the lateral direction 
of the vehicle body relative to the connection point 
of said lower strut portion and said suspension arm 
as said suspension arm is swung in a bounding di 
rection from a reference condition, 

wherein said control link consists of two rods, each 
rod having an inner end swingably connected to 
said suspension arm through a ball joint and an 
outer end swingably connected to said lower por 
tion of the wheel carrier through a ball joint, and 
wherein a kingpin axis is provided as a line con 
necting the center of the ball joint disposed at the 
upper portion of the wheel carrier with the inter 
section of extensions of two axes of the rods. 

7. A strut type suspension as claimed in claim 6, 
wherein said lower strut portion of the strut is con 
nected to said suspension arm to be swingable around an 
axis extending in a longitudinal direction of the vehicle 
body and around an axis extending in the lateral direc 
tion of the vehicle body. 

8. A strut type suspension as claimed in claim 6, 
wherein said lower strut portion of the strut is con 
nected to said suspension arm to be swingable around an 
axis extending in a longitudinal direction of the vehicle 
body. 

9. A strut type suspension as claimed in claim 6, fur 
ther comprising a second control link which has one 
end swingably connected to said lower strut portion 
through a ball joint and the other end swingably con 
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nected to one of the suspension arm and the vehicle 
body through a ball joint, and wherein said lower strut 
portion of the strut is connected to said suspension arm 
through a ball joint. 

k k k 


